Background-We studied the benefits and risks of adding clopidogrel to different doses of aspirin in the treatment of patients with acute coronary syndrome (ACS). Methods and Results-In the Clopidogrel in Unstable angina to prevent Recurrent Events (CURE) trial, 12 562 patients with ACS using aspirin, 75 to 325 mg daily, were randomized to clopidogrel or placebo for up to 1 year. In this analysis, patients were divided into the following 3 aspirin dose groups: Յ100 mg, 101 through 199 mg, and Ն200 mg. 
A ntiplatelet therapy is effective in preventing serious vascular events both during short-term and long-term treatment in patients with atherosclerotic arterial disease. 1 Aspirin is the most widely studied antiplatelet drug, with Ͼ60 000 patients included in randomized trials against placebo. However, there is no uniformity in the doses used in clinical practice. 2 Experimentally, a single oral 100-mg dose of aspirin is sufficient to completely block the synthesis of thromboxane A 2 in healthy individuals, the predominant pathway by which aspirin inhibits platelet aggregation. Lower doses may require several days to reach complete blockade of thromboxane A 2 production or fail to do so. 3 At higher doses, the synthesis of prostacyclin is also inhibited, mainly in the endothelium. This could paradoxically lead to thrombosis and vasoconstriction. In addition, the incidence of other adverse effects increases, particularly the risk of gastrointestinal bleeding. 3 Thus, careful selection of dose is important to balance efficacy against safety.
Compared with the original trials of aspirin in acute coronary syndrome (ACS), additional antithrombotic therapy (such as heparin) or invasive strategies are now commonly used. Furthermore, recent guidelines recommend the use of clopidogrel 4 and glycoprotein (GP) IIb/IIIa receptor inhibitors. When all these drugs and interventions are used together, the risk of a major bleeding complications increases and optimal dosing of each drug, including aspirin, is even more important. 5 Therefore, we performed an analysis of the Clopidogrel in Unstable angina to prevent Recurrent Events (CURE) study to explore the relationship between the dose of aspirin and risks of bleeding when used alone or in combination with clopidogrel in the context of current treatment strategies.
Methods
The CURE study compared aspirin alone with aspirin plus clopidogrel in 12 562 patients with ACS without ST-segment elevation. 6 Doses in the range of 75 to 325 mg daily were recommended by the study protocol. Almost all patients (99.8%) used aspirin. The dose of aspirin was chosen by the patient's physician and in general was the same within a center. The design of the CURE study has been published previously 7 and is summarized briefly.
Patients
Patients were eligible for inclusion if they had had symptoms indicative of ACS within the past 24 hours and if they did not have ST-segment elevation Ͼ1 mm on their ECG. Other electrocardiographic evidence of new ischemia or concentrations of cardiac enzymes (including troponin) at least twice the upper limit of normal was required. Patients were excluded if they had New York Heart Association class IV heart failure, if they had undergone percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG) in the previous 3 months, if they had contraindications to antithrombotic or antiplatelet therapy, if they had previous disabling or hemorrhagic stroke or intracranial hemorrhage, if they had clinically severe thrombocytopenia, if they used or required oral anticoagulants or nonstudy antiplatelet agents, or if they had received a GP IIb/IIIa inhibitor fewer than 3 days before randomization.
Study Treatments
Patients were randomly assigned clopidogrel or placebo. A loading dose of clopidogrel 300 mg orally or matching placebo was given immediately on a double-blind basis, followed by clopidogrel (75 mg per day) or matching placebo for 3 to 12 months. Aspirin was started or continued simultaneously with clopidogrel or placebo. The dose was left to the discretion of the local investigator; the study protocol recommended a dose of 75 to 325 mg. The dose and compliance with aspirin therapy was recorded on the case report forms and at each visit.
Outcomes

Efficacy
The first coprimary outcome of the study was the composite of cardiovascular (CV) death, myocardial infarction (MI), or stroke. The second coprimary outcome was the composite of the first coprimary outcome or refractory ischemia. Detailed definitions of study outcomes have been previously published. 6 
Safety
Major bleeding was defined as being significantly disabling, intraocular bleeding leading to significant loss of vision, or bleeding requiring transfusion of 2 or 3 units of red blood cells or equivalent whole blood. Major bleeding was subclassified as life-threatening or other major bleeding. Life-threatening bleeding complications were defined as fatal or leading to a drop in hemoglobin of Ն5 g/dL or significant hypotension with the need for inotropes, requiring surgery (other than vascular site repair) or symptomatic intracranial hemorrhage, or requiring transfusion of 4 or more units of red blood cells or equivalent whole blood. Minor bleeding was defined as any other bleeding requiring modification of the drug regimen.
Analyses
Patients were divided into the following 3 groups based on daily aspirin dose at the time of randomization: Յ100 mg, 101 through 199 mg, or Ն200 mg. An intention-to-treat analysis approach was used. The difference in proportions was tested by 2 test, and for the difference in means, the Student t test was used. The CochranArmitage trend test was used to test the trend in rates in aspirin dose groups.
All hazard ratios (HRs) and 95% CIs for primary and secondary outcomes comparing the clopidogrel and placebo groups were derived by use of the Cox proportional hazards model. Efficacy HRs were adjusted for gender, weight, hypertension, components of the TIMI risk score, and rates of angiography, PCI, and CABG.
For bleeding outcomes, a logistic regression model was used. HRs for bleeding events were adjusted for gender, weight, hypertension, components of the TIMI risk score, rates of angiography, PCI, and CABG, and the use of nonsteroidal anti-inflammatory drugs, heparin, GPIIb/IIIa inhibitors, oral anticoagulants, open-label ticlopidine, or clopidogrel at any time during the study period. In addition, a stratified analysis of the risk of bleeding at various doses of aspirin was performed in selected subgroups of patients. Tests for heterogeneity among various subgroups were also carried out.
Results
The main findings of the CURE study have been published previously. 4 The first coprimary outcome of CV death, MI, or stroke occurred in 9.3% of the patients in the clopidogrel group and in 11.4% of the patients in the placebo group (relative risk [RR], 0.80; 95% CI, 0.72 to 0.90; PϽ0.001). The second coprimary outcome occurred in 16.5% of the patients in the clopidogrel group and 18.8% of the patients in the placebo group (RR, 0.86; 95% CI, 0.79 to 0.94; PϽ0.001). The overall risk of major bleeding was 3.7% in the clopidogrel group compared with 2.7% in the placebo group (RR 1.4; 95% CI, 1.1 to 1.7; Pϭ0.001). Life-threatening bleeding occurred in 2.2% compared with 1.8%, respectively (RR 1.2; 95% CI, 1.0 to 1.6; Pϭ0.13).
The baseline characteristics of the patients in the 3 groups based on aspirin dose are presented in Table 1 . There were 5320 patients receiving low-dose (Յ100 mg), 3109 receiving medium-dose (101 to 199 mg), and 4110 receiving high-dose (Ն200 mg) aspirin. Aspirin dosing varied among regions ( Table 1 ). The use of the highest dose was most common in North and South America, the medium dose was common in Australia and New Zealand, and the lowest dose was common in Eastern and Western Europe. The median dose of aspirin used in the study was 150 mg. Within each center, the variation in aspirin dose was small; an average of 89% of all patients per center used a dose of aspirin within 50 mg of the most frequently used dose. Aspirin dose per patient varied little during the course of the study. Only 14% of patients used a dose that differed at least 50 mg from the initial dose for Ͼ50% of the duration of follow-up. In general, the high-dose group included a greater proportion of men and patients with a prior history of diabetes, PCI, and CABG surgery. Table 2 presents the frequencies of the use of other antithrombotic medication and of revascularization procedures in the various aspirin dose groups. These additional treatments, except the use of nonsteroidal anti-inflammatory drugs and oral anticoagulants, were significantly more frequent in the highest aspirin dose group, reflecting practice patterns in the regions where higher doses are routinely used.
Additional Medication and Revascularization Procedures
Efficacy
The impact of clopidogrel in preventing CV death, MI, or stroke was not significantly heterogeneous by aspirin dose (high-dose group, 9.8% versus 13.6%; RR, 0.71; 95% CI, 0.59 to 0.85; medium-dose group, 9.5% versus 9.8%; RR, 0.97; 95% CI, 0.77 to 1.22; low-dose group, 8.6% versus 10.5%; RR, 0.81; 95% CI, 0.68 to 0.97) (Figure 1 ). Similar results were observed with the composite of CV death, MI, stroke, and refractory ischemia (Figure 2) .
The results were not heterogeneous in patients receiving aspirin alone when examined by dose (highest and medium aspirin dose groups compared with the low-dose group: adjusted OR, 1.0 (95% CI, 0.82 to 1.23) and 1.2 (95% CI, 1.08 to 1.51), respectively (Table 3 ). In the aspirin plus clopidogrel group, event rates appeared to be similar across various doses (adjusted OR, 1.2 [95% CI, 0.98 to 1.48] and 1.2 [95% CI, 0.95 to 1.40] for medium-and high-dose groups compared with the low-dose group, respectively).
Bleeding
Clopidogrel increased the risk of bleeding at each dose of aspirin. However, the incidence of major bleeding complications increased significantly with increasing aspirin dose both in the placebo (1.9%, 2.8%, 3.7%; Pϭ0.0001) and the clopidogrel (3.0%, 3.4%, 4.9%; Pϭ0.0009) groups ( Figure  3 ). The risk of bleeding at the highest dose of aspirin given with placebo was higher than the risk of bleeding with the combination of clopidogrel and aspirin in the lowest-dose group (Figure 3 ). HRs for major bleeding for the 2 higherdose groups compared with the lowest-dose group are presented in Table 4 . The risk of bleeding is lower at the lowest dose of aspirin. A similar pattern is observed in the subgroup of major bleeding complications defined as life-threatening (Table 4) . Table 5 presents the results of a stratified analysis of the risk of major bleeding in selected subgroups of patients. In support of the multivariate analysis, a trend of a higher risk of bleeding with increasing doses of aspirin is observed consistently in patients undergoing PCI, CABG, or no revascularization. In patients who were not treated with heparin, no such trend is apparent. However, these numbers are small. In patients who were treated with GP IIb/IIIa inhibitors, no trend is observed. Again, the numbers are small and the use of these agents may increase the risk of bleeding to a rate where the impact of aspirin dose is masked. Regarding the site of bleeding, the rates of surgical, gastrointestinal, and puncture site bleeding increased significantly with increasing aspirin dose both in the placebo and the clopidogrel groups (data not shown). Minor bleeding complications were not clearly related to aspirin dose (data not shown).
Discussion
Our study demonstrates 3 important observations. First, the benefits of clopidogrel, when added to aspirin, in reducing major ischemic events do not vary significantly by the aspirin dose used. Second, higher doses of aspirin are not associated with lower clinical event rates and may in fact be associated with higher event rates. Third, with increasing doses of aspirin, the risk of major bleeding increases, irrespective of whether it is used alone or in combination with clopidogrel. The ideal dose of aspirin for the prevention of vascular events has been the subject of much debate. 3 This is best evaluated by comparing patients randomized to different doses; however, observational data may also be useful. Trials in patients with a cerebral transient ischemic attack have demonstrated increased bleeding complications with higher doses while observing no differences in efficacy. 8, 9 Other observations suggest that a low dose may be associated with a lower risk of vascular complications compared with higher doses. 10, 11 The latest report of the AntiThrombotic Triallists Collaboration (ATTC) identifies 10 trials that have directly compared 2 doses of aspirin across a variety of indications; 7 compared 500 to 1500 mg with 75 to 325 mg daily. Overall, there was no difference in the rates of vascular events (high- versus low-dose RR, 1.03; SEϭ10, PϭNS). 1 Three trials compared doses Ͻ75 mg daily with 75 mg or more daily. Again, there was no difference in event rates (high versus low RR, 0.92; SEϭ10). 1 Taken together, these 10 trials demonstrated no significant difference in efficacy between different doses ranging from 75 to 1500 mg/d. Recently, a randomeffects model was used to analyze the same data. After adjustment for temporal trends, higher doses of aspirin were associated with less benefit. 12 Indirect comparisons between the results of trials comparing different doses of aspirin versus placebo are also available. The ATTC report divided the trials into 4 subgroups based on daily aspirin dose, as follows: Ͻ75, 75 to 150, 160 to 325, and Ͼ500 mg, each compared with placebo. The odds reductions were 13%, 32%, 26%, and 19%, respectively. Thus, consistent with our findings, there is no evidence that the benefit of aspirin increases at dose Ͼ75 mg/d. Furthermore, 4 studies have compared aspirin with placebo in patients with unstable angina using doses of 75, 13 325, 14 650, 15 and 1300 mg. 16 All studies showed a similar degree of risk reduction, consistent with our findings.
In the pooled analysis by the ATTC in trials comparing aspirin with control, the proportional increase in the risk of a major extracranial bleed was similar with all daily aspirin doses Ͻ325 mg. However, their analysis included smaller patient numbers and patients at a lower overall risk of bleeding. Two trials that compared 75 to 325 mg aspirin daily with Ͻ75 mg daily found a nonsignificant trend toward an increase in major extracranial bleeds at the higher dose of aspirin (39 of 1576 [2.5%] with 75 to 325 mg versus 28 of 1555 [1.8%] with Ͻ75 mg).
The mechanism underlying the differences in bleeding rates is not clear. Consistent with the literature, 17 higher doses of aspirin were associated with higher rates of gastrointestinal bleeding, particularly in the placebo group, although the rates were low in the CURE study. This dose-response relationship may reflect at least 2 cyclo-oxygenase (COX)-1-dependent mechanisms, dose-dependent inhibition of COX-1 in the gastric mucosa and (relatively) dose-independent inhibition of COX-1 in platelets. 18 Whereas platelet thromboxane synthesis is blocked completely at a daily dose of 100 mg, higher (or repeated) doses would be expected to inhibit COX-2-dependent thromboxane synthesis in vascular endothelium, monocytes, and macrophages. This could contribute to the impairment of hemostasis in patients using higher doses of aspirin.
Despite the important benefits of clopidogrel in preventing major ischemic events in the CURE trial, there was an excess in (mostly reversible) major bleeding. However, our present analysis clearly demonstrates that the increase in bleeding was largely dependent on the dose of aspirin used. By lowering the dose of aspirin, the risk of major bleeding may be substantially attenuated without loss of efficacy. Indeed, the major bleeding rates for combined use of low-dose aspirin plus clopidogrel are lower than for using aspirin alone at higher doses. Similarly, the risk of surgical bleeding with the combination of aspirin and clopidogrel seems also to be dependent on the dose of aspirin used. Consequently, surgical bleeding risks may also be reduced by using lower aspirin doses than presently used in several regions of the world, including North and South America. Balancing risk and benefit is particularly important when patients are at increased risk of bleeding, based on the presence of multiple risk factors such as age, weight, and female sex. 18, 19 Furthermore, combinations of antithrombotic medications are used in high-risk patients, which are likely to increase the risk of bleeding (clopidogrel, heparin, aspirin, and GP IIb/IIIA inhibitors). In addition, the risk of bleeding increases additionally when interventions, especially coronary bypass surgery, are performed in the presence of these drugs. Therefore, approaches to maintaining the benefits of the various treatments while reducing the risk of bleeding would be useful. Because the use of clopidogrel in patients with unstable coronary syndromes is now recommended (class IA recommendation in the United States guidelines), it is important that clinicians consider the dose of aspirin that is to be used in ACS. Based on our findings and on the observations in the ATTC, a dose between 75 and 100 mg may be optimal, either alone or in combination with clopidogrel.
Limitations
Our findings are based on a post hoc observational analysis and should be considered exploratory. The dose of aspirin was not prescribed by the study protocol, nor was it randomized. However, the data with respect to both efficacy and bleeding are internally consistent in both the placebo and the clopidogrel groups and externally consistent with data from the ATTC meta-analysis. Second, the main determinant of the dose used in patients in CURE was the routine approach of centers and specific countries (Table 1 ). This argues against the possibility that the selection of dose may be related to the risk profile of patients, thus confounding the differences in efficacy or safety between dose groups. Third, regional differences in patient populations and practice patterns are reflected by significant differences in the baseline characteristics of the patients (Table 1 ) and in additional treatments. However, after adjustment for these differences, including the use of other antithrombotics, a dose response between aspirin and bleeding complications is still observed.
Conclusions
Our findings demonstrate that clopidogrel, when added to aspirin and other standard therapies, is beneficial in patients with ACS irrespective of the dose of aspirin used. Compared with a daily dose of 75 to 100 mg with or without concomitant use of clopidogrel, higher doses of aspirin lead to higher rates of bleeding complications without increasing efficacy. The available data suggest that in patients treated for unstable coronary syndromes, a daily dose of aspirin in the range of 75 to 100 mg may be optimal.
